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Mic Large Water Cherenkov Detectors

® Excellent performance

® From ~MeV to ~TeV A
® Scalability to ~Mton (and beyond) |
® Established technology

® 50 kton Super-K running for >15years
® Still evolving!!

® Improved reconstruction
(used for latest T2K ve result)

® Sensitivity improvement in p—VK
® Gd R&D in progress
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YPER
MK Three generations of
Water Cherenkov Detectors at Kamioka

Kamiokande Super-Kamiokande  Hyper-Kamiokande
(1983-1996) (1996-) (2072-)
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Hyper-Kamiokande

Total Volume 0.99 Megaton
Inner Volume  0.74 Mton
Fiducial Volume 0.56 Mton (0.056 Mton x |0 compartments)
Outer Volume 0.2 Megaton
Photo-sensors 99,000 20”’® PMTs for Inner Det.

(20% photo-coverage)

25,000 8”’®d PMTs for Outer Det.
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GEQLOGY AND ORE DEPOSITS OF KAMIOKA MINE
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Multi-purpose detector
Hyper-Kamiokande

x50 of T2K

;for. vCP

& Proton Decay Source higher intensity Vv by
upgraded |-PARC

7/ g’g* x2 (year

x25 Larger V Target
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HK Physics topics

® Neutrino beam from J-PARC

(= IMW expected) Neutrino mixing, CPV

® Atmospheric neutrinos

® Search for proton decay GUT

® Solar neutrinos

® Astrophysical neutrinos (supernova, dark matter, ...)
® Neutrino geophysics

® More idea!

Breadth of physics by a large underground detector
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Accelerator neutrino beam

Super=K

.MGoogl




M Long baseline experiment
with J-PARC v beam

® Natural extension of technique being proved by T2K
® Off-axis narrow band beam, E,~0.6GeV

® HUGE water Cherenkov detector

® 295km baseline (=less matter effect)
® Main focus on measurement of CP asymmetry

® Complementary to >1000km baseline experiments
planned in other regions (e.g. LBNE)

® Sensitivity (CP/MH), technology (VWC/LAr)

® Also rich program with Near Detectors
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YPER

K Measurement of CP asymmetry

P(Vu—Ve): Ve appearance probability

normal hierarch .
( Y) for 295km baseline
0.1 0.1
0.08 Neutrino Sin®2613=0.1 Anti-neutrino sn°201=0.1
) §=0 0.08 §=0
’;6 ° o © © 0 0 00 © 0 0 0 0 050 O 8: 1/27'C ’3 —
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= N -
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0 0L
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Ey (GeV) Ey (GeV)

e Comparison of P(Vy—Ve) and P(Vy—Ve)
e Max. ~125% change from 0=0 case
e Sensitive to exotic (non-MNS) CPV source
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prfcandidate reconstructed energy distributions

7 5MW . years sin229|3=0.|,6=0, normal MH
500 v mode 2.25MW - 107s vV mode 5.25MW - 107s
E = 0.75MWx3yrs : = 0.75MWxTyrs
400E Total  (1.5sMWx1.5yrs)  300F Total  (1.5MWx3.5yrs)
_ / 3G all _ /VH%Ve+ BG
3002_ a 200 i_ BG Ve/V_G/VH/VM
200;: BG from Vu 100 §_ BG from vyt \7“
1002_ - BG from VH
T 2 o 1 2
E,"°¢ (GeV) E,°° (GeV)
Signal Wrong sign — beam Ve/Ve
(Vu—Ve CC) | appearance VVICC T mination NC
V (2.25MW - 107s) 3,560 46 35 880 649
V (5.25MW - 107s) 1,959 380 23 878 678

*%Further BG suppression expected with reconstruction improvement

2000-4000 signal events for each of Vv and Vv
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YPER

K Expected sensitivity to CP asymmetry

7.5MW - years 5% systematics on signal, v BG, Ve BG, V/V
1 ~—7J - ~——Normal mass hilerarchy (known")
Hyper-K *Mass hierarchy

7.5MWyear determination with
i12901= ' Hyper-K atm. v:
Sin“2023=| | ""’ >30 in 5-10 years

n_ [
S OF &=y
- 1o
- 20
— 30
1k Ll .
0 0.05 0.1 Reactor 100.15
sin220,3

Good sensitivity for currently allowed values
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MK Expected uncertainty of 0 (10)

5% systematics on signal, V, BG, Ve BG, V/V
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<20° (5=90°), <10° (5=0°)
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HK Atmospheric neutrinos

Wide range of Ey,
flavor, V/V available

A RDRTH

Complementary to
accelerator Vv

BT
Za—-kU/148
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HK Atmospheric neutrino

Vu— Ve appearance resonance in earth’s core
either V or V depending on mass hierarchy

P (ve)
(I)O(Ve>

Fve)Fo(ve)

sin%0,,=0.5, sin’0,,;=0.04, solar on

Oscillated Ve flux
Non-oscillation

— 1/ Py (r-cos?fys —1)

—7 - sinfy3 - cos® O3 - sin 2053 - (cosd - Ry —siné - Io)

+2sin? 63 - (7 - sin? fg3 — 1) -0.2
> 0.4
Sensitive to : A
* Mass hierarchy 0
* 0,3 octant 28
e CP asymmetry + N

larger 03 gives better sensitivity
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Mass hierarchy determination with
atmospheric neutrinos

H Vﬁ

1.2 L —— 52.=0.4, Inverted hlerarchy 30 -
— ey ~Normal hierarchy,
145 e mormat mrareny .
é E : s§:=0.5; normal hlerarchy 25: Slnzze I 3:0. I
141 ' normal hierarchy case N>< -
o I_ """" 10 years < 20:_
:21,105:—_'__ B
el Ll 151
T I__'—i—i[‘l_T_ ! - Hyper-K 10 years
0.95] . . 10— 30
"Multi-GeV e-like events -
090l bl ol e b beea Loyl B
1 -0.8-0.6 -0.4 0.2cog @0.2 04 06 08 1 5 ZG
MSWV effect in Earth’s core A I I B I
, 0.4 0.45 0.5 0.55 0.6
— resonance effect on either sin? 6,

.y
V or anti-V SIn 923

30 determination with <10 year observation
(better sensitivity depending on the value of 023)
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atm V: 023 octant and CPV

H vﬁ

NH, unknown | ., is fixed : sin220,, = 0.10 IH, Unknown
387 35
301 10 years 30/ 10 years
:25; _255—
I cE T
023 octant i i
> r o 20
° . . 5 C c L
sensitivity s
=2 L o~ L
(band depends on d) 5 1030 S oF 30
5[ 26 s 20
0: \o|4\ 1 | Io‘45| 11 IUIS\ | - |o|55| 11 IO‘GI UE ) | L ) ) | ) L ) ! ) L ) | ) L ) | )
- B g : 04 045 ng.g:;e 0.55 0.6
1 1
0.9= 0.9F
08" 0.8
. - £ o7k
Fraction of £ Sor
T 06 sin2 023 =0.6 2 0.6F
6 EXC|UC|EC| 3 05 / e sin” 623 = 0.6
o U.or o O.of
cP ERS : -y e
- X F 0.4
3 O' o 0.3 % 0.3F
OOU C ) C
0.2 0.2
0.1- 0.1
07| 2 1 4‘ 1 1 | 6' 1 | 1 é 1 1 1 1|{] 1 o_l L ! 21 1 4 | 1 1 é 1 1 | 8' 1 | 1 1|{] 1
livetime [years] livetime [years]

Complementary measurements to accelerator v
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Combination of Beam and Atmospheric

Beam Map Atm. v Map

25

A

30 10

S¢p [7]
O Hierarchy is unknown, but NH is true
O True 5., =0.0
O True sin220,,=0.10
O Maximal mixing , sin?20,;,=1.0
[0 Degenerate solution exists at 3¢ in the beam only case - just add the y2 maps
O In the real world, something more sophisticated is in order

2012.8.22 Roger Wendell

300

: 20F
= q5[

Neutrinos : Allowed o

Atm. v + Beam

30

-1 -0.5 0 0.5 1

Bcp [TE]
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p—e*T1? search

et 110 selection

Invariant mass of p
N Momentum balance

2 or 3 e-like rings

No decay-e

85<MT1%<185 MeV/c? (3ring)
800<M,<1050 MeV/c?
Pot<250MeV/c

Efficiency ~40%
(87% for free proton)

Charge (pe)
. >15.0

00000000

"Lt 2/10 free protons in H20

Times (ns)
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MK p—e*Tr? search: BG estimate
Super—K data are well reproduced by BG MC.
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I 63+°33 (stat.) 05|(syst)[Mt><years] (E < 3GeV)
Consistent w/ simulation [.8+0.3(stat.)

Reliable prediction of next generation experiment
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MK Hyper-K p—e*11° sensitivity

(Using only number of events)
|0 years exposure

40 - 10—
T/Br=5x103*yr 7
Signal region .
> &
©
ENTEE ? | 3 ‘ ‘
®- < : ‘ ,
_+_ Q i § ]
o e el A =
600 800 1000 1200 £ | ]
Invariant mass (MeV) £ 103 | | | ? | ]
12, 5 | |
jol 50:3.4%10%%yrs 3 [ ]
: 30:5.7%10%%yrs ’ 7
8 - e |
G 6 ; 50- 1033 L : S : L : L : L : L 7
4\ 3()' Year
2| current Ilmlt Will surpass SK limit in ~1 year.
0 .
0 5 10 90% limit with 10 years: 1.3%10%°yrs

Lifetime (x103* years)
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Hi p — VK" search

e K* invisible (below Cherenkov threshold)

Br =63.5%
® K= v (Br:63.5%) o
® Method |:Tag with nuclear de-excitation Y womees %——»

® Measurement of de-excitation Y: nucl-ex/0604006

o Method 2: Search excess in Pu dlstrlbutlon B
(o K*—T1r'110 (Br:20.7%) |

® 205 MeV/c 11° + activity in opposite dlrectlon
(1T ]USt above threshold) ;

Recent |mprovement in analy5|s
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HK  K*—= 17110 improvement

Br = 20.7%

TT™ just above threshold
— search for light opposite to TT° direction

Improvements

Selection in Lol e Add | ring e-like event

® Two e-like rings with decay-e =7 with TT° fitter used for
® 85<MT1%<185 MeV/c? T2K BG rejection
® | 75<PT1°<250 MeV/c — Increase efficiency

® Sum of visible energy in 140°-180°

from T direction: 7-17MeV s Optimize range to 145°-180°
o ® Use shape information

® Sum of visible energy in 90°—140
from TT° direction: <|2MeV — Reduce background
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p — VK" sensitivity

Efficiency (%) | BG (/Mtyr)

K= uv+nucl. y 7.1 |.6
K—=uv, Py 43 1940
K= 1T &7 7.6 67 1.8

1w—-—r

o weor | 190% CL sensitivity:
N 25%10% - 3.2%10% yrs

30 observation potential:

| 0.95%10% — |.2%10% yrs

1034)

1033}

32 el el el el el L L
10 -2 -1 2 3
10 10 1 10 10 10

Exposure (Mt years)
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Hvﬁ

Proton decay sensitivity

~|0 times better sensitivity

than current Super-K limits!

Super-K H ype - K
—l

|

/B (years)

ep—e*TTY:
o 1.3%10%yrs (90%CL)
5.7x10%%yrs (30)
p—VK*:
e3.2x10%yrs (90%CL)
*|.2x[0%yrs (30)

>30 possible for lifetime
above current SK limits

eSuperb sensitivity for
p—e*TT° due to huge mass
eComplementary to LAr

in other modes, e.g. p— VK
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Lifetime limit 90%CL (years)

56 INucleon Decay 90% CL sen5|t|V|ty
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HK Neutrino astrophysics

® Supernova burst neutrino

® ~250k events (Garactic center) /
~25 events (Andromeda)

® Reveal the detailed mechanism of supernova explosions
with very large statistics sample

e Supernova relic neutrino
® Study the history of heavy element synthesis in the universe

® Precision measurements of solar neutrino

® |ndirect WIMP Search
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® Hyper-Kamiokande will provide excellent
opportunity for wide range of physics topics

Summary

® Neutrino mixing and CP violation
® Nucleon decays

® Capability complementary to large LAr
detectors such as LBNE in many ways

® |t will be important to realize both to
fully exploit the opportunities in front of us.

Status of R&D and project = next talk
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